Methyl-β-cyclodextrinconcurswithinterleukin(IL)-4,IL-13 andIL-25toinducealterationsreminiscentofatopicdermatitis inreconstructedhumanepidermis 1 | BACKGROUND
Reconstructed human epidermis (RHE) mimic normal human in vivo epidermis in terms of histology, distribution of differentiation markers and barrier functionality. 
| QUESTIONADDRESSED
Because of the crucial role played by Th2 immune response in AD, a mixture of interleukins linked to this Th2 response (IL-4, IL-13 and IL-25) was used in addition to MβCD, in an attempt to induce most of the epidermal AD features in RHE. Ultimately, a valid RHE model of acute AD would allow studying the epidermal component of pathogenesis.
| EXPERIMENTALDESIGN

Reconstructed human epidermis was incubated for 2 hours with
MβCD in order to induce cholesterol depletion (Fig. S1 ), then for 48 hours with the interleukin mix and compared to control tissues, and to tissues incubated with either MβCD or interleukins.
| RESULTS
When allowed to recover in fresh culture medium after incubation with MβCD for 2 hours, RHE revealed no obvious histological alteration when compared with untreated RHE (Fig. 1a) . Conversely, RHE treated with IL-4, IL-13 and IL-25 for 48 hours displayed intercellular space widening similar to spongiosis (already reported for IL-4 and IL-13 [4] [5] [6] ) and hypogranulosis, two histological hallmarks of lesional AD skin (Fig. S2 ). These morphological alterations were enhanced when keratinocytes were challenged by MβCD before being incubated with the three interleukins (Fig. 1a) .
Barrier function, weakened in AD, was studied using two assays:
measurement of trans-epithelial electrical resistance (TEER) and assessment of permeability to the fluorescent dye lucifer yellow (LY) through the RHE. A significant decrease in TEER was observed in RHE incubated with the interleukins, and worsened upon membrane cholesterol depletion (Fig. 1b) . Accordingly, permeability of RHE towards LY was significantly increased after combined treatments, whereas cholesterol depletion alone or incubation with interleukins only was insufficient to elicit an effect (Fig. 1c) .
Then, the expression of atopic dermatitis markers was investigated.
Gene expression of filaggrin (FLG) and loricrin (LOR), epidermal differentiation genes usually downregulated in lesional AD, was analysed through RT-qPCR ( Expression levels for hyaluronan synthase 3 (HAS3) were found elevated in RHE exposed to interleukins and further increased after combined treatments (Fig. 2a) , in agreement with the upregulation observed in AD. 4, 8 Though, no significant changes were found with respect to HAS1 expression levels (data not shown), unlike data collected from AD lesions. S4a) . HA was also more strongly detected in RHE incubated with interleukins, particularly after previous challenging by MβCD (Fig.   S4b ). Accordingly, increased HA concentrations were measured in culture medium of treated RHE (Fig. S4c) .
Thymic stromal lymphopoïetin (TSLP) is a cytokine, upregulated in AD, which contributes to Th2 immune response activation, promotes itch in skin and the "atopic march" in general. 9 However, despite significant induction in response to 2 hours of MβCD (Fig. S1c) , mRNA expression levels for TSLP were no longer above baseline 48 hours later (Fig. 2a) . However, in the meantime, over the 6 hours period following cholesterol depletion (Fig. 2b) , data illustrate that interleukins and MβCD concur to significantly enhance TSLP expression in challenged RHE.
| CONCLUSIONS
This study illustrates that challenging RHE through cholesterol In vivo, such alterations become responsible for activation of the immune system because they promote penetration of pathogens or allergens, thereby creating some vicious circle likely responsible for AD lesions development (Fig. 2c) . indicates that cholesterol-containing lipid microdomains could regulate signalling through these receptors and could therefore explain the additive effects observed in this study.
In conclusion, this study confirms that membrane cholesterol depletion in keratinocytes concurs with Th2-related cytokines to elicit an AD-like phenotype. The present model could be used to study other features encountered in AD epidermis, but also evaluate compounds intending to relieve, prevent AD lesions or restore keratinocyte functions.
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